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ABSTRACT 

A n  a n a l y s i s  has been made of t h e  S a t u r n  I B  l aunch  
v e h i c l e  and s p a c e c r a f t  p r o p u l s i o n  systems o r b i t - a l t i t u d e  capa- 
b i l i t y  f o r  h i g h  i n c l i n a t i o n  CM-SM/LM-ATM m i s s i o n s  i n  e i t h e r  
e l l i p t i c a l  o r  c i r c u l a r  o r b i t s .  
i n v e s t i g a t i o n  of an a l t e r n a t e  ATM mis s ion  flown independent  of  
t h e  O r b i t a l  Workshop i n  o rde r  t o  i n c r e a s e  t h e  f r a c t i o n  of 
s o l a r  viewing t i m e  by s u i t a b l e  o p t i m i z a t i o n  of t h e  o r b i t  para-  
meters. 

T h i s  e f f o r t  was p a r t  of  an 

A l t i t u d e  vs  i n c l i n a t i o n  data are p r e s e n t e d  f o r  th ree  
d i f f e r e n t  pay load  weights  cor responding  t o  s p a c e c r a f t  l o a d e d  
f o r  mis s ion  d u r a t i o n s  o f  1 4 ,  28 and 56 days .  A mi s s ion  sequence 
was s e l e c t e d  which a l lows  f l e x i b i l i t y  i n  t h e  o p t i m i z a t i o n  of  t h e  
f i n a l  o r b i t  parameters, bu t  s t i l l  makes f u l l  u t i l i z a t i o n  o f  b o t h  
l aunch  v e h i c l e  and s p a c e c r a f t  performance c a p a b i l i t y ,  i n c l u d i n g  
s u b o r b i t  a1 SPS i g n i t i o n .  

I n s t a n t a n e o u s  impact  p o i n t  p l o t s  were g e n e r a t e d .  By 
l a u n c h i n g  a l o n g  an azimuth of 4 3 . 5 O  and a p p l y i n g  a s low,  con- 
s t a n t  yaw r a t e  throughout  t h e  Sa-IB second-s tage  bu rn ,  t h e  de- 
s i red  i n c l i n a t i o n s  can be reached  wi thou t  j e o p a r d i z i n g  t h e  
U.  S .  E a s t  Coast areas. 
t i o n a l  problems a r i s e  i n  con junc t ion  w i t h  h i g h - i n c l i n a t i o n  
m i s s i o n s  such  as s i g n i f i c a n t l y  i n c r e a s e d  phas ing  t i m e  r e q u i r e d  
f o r  rendezvous and t h e  p o t e n t i a l  of h i g h - l a t i t u d e  l a n d i n g  and 

It shou ld  be' n o t e d  t h a t  s e v e r a l  opera-  

r ecove ry .  
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I n  t r o d u c t  i o n  

I n  t h e  c u r r e n t  b a s e l i n e  f o r  m i s s i o n  AAP-3/AAP-4, t h e  
CM/SM and LM/ATM w i l l  dock t o  t h e  AAP-2 O r b i t a l  Workshop i n  a 
c l u s t e r e d  c o n f i g u r a t i o n .  A number of c o n t i n g e n c i e s  may p re -  
c l u d e  t h i s  m i s s i o n .  I n  such an e v e n t u a l i t y  a d i f f e r e n t  m i s s i o n  
i n  which t h e  s o l a r  o b s e r v a t i o n s  are made w i t h  t h e  LM/ATM docked 
d i r e c t l y  t o  t h e  CM/SM may be des i rab le .  Such a m i s s i o n ,  c a l l e d  
t h e  ATM a l t e r n a t e  m i s s i o n ,  has been i n v e s t i g a t e d  by a t a s k  f o r c e  
of Bellcomm p e r s o n n e l  c o o r d i n a t e d  by G .  M .  Anderson of Department 
1 0 2 2 .  T h i s  memorandum r e p o r t s  t h e  r e s u l t s  of t h e  r o c k e t  p e r f o r -  
mance a n a l y s i s  performed by Department 1025 i n  s u p p o r t  o f  ATM 
a l t e r n a t e  m i s s i o n  s t u d y .  

The b a s i c  m o t i v a t i o n  f o r  t h e  s t u d y  was t o  i n c r e a s e  t h e  
f r a c t i o n  of  s o l a r  viewing t ime d u r i n g  t h e  m i s s i o n  by i n c r e a s i n g  
t h e  i n c l i n a t i o n  and apogee of t h e  o r b i t .  I n  t h e  28.5' i n c l i n a t i o n  
o r b i t  o f  t h e  O r b i t a l  Workshop, t h e  ATM would be o c c u l t e d  about  
42% o f  t h e  t i m e .  
p l a n e  i s  i n c l i n e d  enough t o  be p e r p e n d i c u l a r  t o  t h e  s u n ' s  r a y s .  
A t  t h e  summer s o l s t i c e  when t h e  s u n ' s  d e c l i n a t i o n  r e a c h e s  23.5",  
an i n c l i n a t i o n  of 66.5O would do .  A t '  l e s se r  i n c l i n a t i o n s  f u l l -  
t i m e  v iewing  can s t i l l  be  ach ieved  i f  t h e  o r b i t  i s  h i g h  enough 
t o  remain  o u t  of t h e  e a r t h ' s  shadow. T h i s  i s  most economica l ly  
a c h i e v e d  w i t h  an e l l i p t i c a l  o r b i t  o r i e n t e d  s o  t h a t  apogee i s  
l o c a t e d  on t h e  " n i g h t  s i d e "  of  t h e  e a r t h  away from t h e  s u n .  
U n f o r t u n a t e l y ,  o r b i t  p e r t u r b a t i o n s  and r o t a t i o n  of  t h e  e a r t h - s u n  
l i n e  cause  t h e  geometry t o  s h i f t  and t h e  i d e a l  c o n d i t i o n s  re- 
q u i r e d  for 100% s o l a r  viewing can be m a i n t a i n e d  only  f o r  a f e w  
d a y s  i f  at  a l l .  Thus,  t h e  choice  of  an o r b i t  t o  maximize t h e  
cumula t ive  v iewing  t i m e  i s  more complex t h a n  i m p l i e d  above and 
r e q u i r e s  a p a r a m e t r i c  s t u d y  with i n c l i n a t i o n ,  apogee h e i g h t ,  
s o l a r  d e c l i n a t i o n ,  noda l  p o s i t i o n  r e l a t i v e  t o  t h e  s u n ,  and p e r i -  
gee l o c a t i o n  i n  t h e  o r b i t  plane as independen t  v a r i a b l e s .  T h i s  
optimization i s  t n e  s u b j e c t  of  a companion paper  (Refe rence  1) 
and w i l l  n o t  b e  d i s c u s s e d  h e r e .  

Unoccul ted viewing can be  ach ieved  i f  t h e  o r b i t  

I n  o r d e r  t o  op t ima l ly  choose t h e  f r e e  v a r i a b l e s  o f  
s e a s o n ,  node,  and argument of p e r i g e e  i t  i s  f i rs t  n e c e s s a r y  t o  
know what v a l u e s  of  apogee h e i g h t  and i n c l i n a t i o n  can r e a s o n a b l y  
be a c h i e v e d  by t h e  s tandard  S a t u r n  I B  launch  v e h i c l e  and s t a n d a r d  
s p a c e c r a f t  p r o p u l s i o n  s y s t e m s .  T h i s  performance c a p a b i l i t y  3 s  
t h e  s u b j e c t  of t h i s  p a p e r .  
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Miss ion  Dura t ion  

S i n c e  s p a c e c r a f t  weight s t r o n g l y  i n f l u e n c e s  per formance ,  
t h ree  d i f f e r e n t  we igh t s  were c o n s i d e r e d  co r re spond ing  t o  space-  
c r a f t  l oaded  f o r  m i s s i o n  d u r a t i o n s  of 1 4 ,  2 8 ,  and 56 d a y s .  
Although t h e  14-day m i s s i o n  was s u b s e q u e n t l y  dropped from con- 
s i d e r a t i o n  i n  t h e  o v e r a l l  s t u d y ,  some data developed  f o r  t h e  
14-day s p a c e c r a f t  w i l l  be  i n c l u d e d  here .  

O r b i t  L i f e t i m e  

The f i r s t  q u e s t i o n  t o  be answered was what o r b i t s  
would p r o v i d e  adequa te  l i f e t i m e  f o r  these  m i s s i o n s .  Using t h e  
MSFC O r b i t a l  L i f e t i m e  P r e d i c t i o n  Program (Refe rence  2 ) ,  families 
of e q u a l - l i f e t i m e  e l l i p s e s  (shown i n  F i g u r e  1) were g e n e r a t e d  
f o r  t h e  CM-SM/LM-ATM c o n f i g u r a t i o n  f l y i n g  i n  t h e  ATM s o l a r -  
o r i e n t e d  a t t i t u d e .  These d a t a  assume t h e  +2a atmosphere d e n s i t y ,  
i . e . ,  -2a l i f e t i m e ,  and a June 1971 l aunch .  Rendezvous p h a s i n g  
c o n s i d e r a t i o n s  ( d i s c u s s e d  b e l o w )  d i c t a t e  a per igee of  about  
150 nm o r  g r e a t e r  f o r  t h e  m i s s i o n  sequence used  f o r  t h e  m i s s i o n s .  
T h e r e f o r e ,  f o r  apogee a l t i t u d e s  of  200  nm o r  g r e a t e r  t h e r e  s h o u l d  
b e  n o  p rob lem w i t h  o r b i t a l  l i f e t i m e  even f o r  56-day m i s s i o n s .  

Launch Phase  

To a c h i e v e  t h e  h i g h  i n c l i n a t i o n s  of i n t e r e s t  i n  t h i s  
s t u d y ,  i t  i s  n e c e s s a r y  t o  use  a launch  azimuth w e l l  beyond t h e  
approved Apol lo  r ange  of  72' t o  108'. S p e c i a l  a t t e n t i o n  must 
be p a i d  t o  t h e  t r a c k  of t h e  boost-phase i n s t a n t a n e o u s  impact  
p o i n t  ( I I P )  t o  e n s u r e  t h a t  i t  does n o t  pass ove r  p o p u l a t e d  l a n d  
areas,  e x c e p t  j u s t  b e f o r e  o r b i t a l  i n s e r t i o n .  (The I I P  deno tes  
where d e b r i s  would l a n d  i f  t h r u s t  were suddenly  and p r e m a t u r e l y  
t e r m i n a t e d .  It s h o u l d  n o t  be confused  w i t h  t h e  ground t r a c k  o f  
t h e  v e h i c l e . )  High i n c l i n a t i o n s  can only  be  ach ieved  by l a u n c h i n g  
t o  t h e  n o r t h ;  s o u t h e r l y  launches  are p r e c l u d e d  due t o  t h e  eas t e r ly  
l o c a t i o n  of South  America. The most n o r t h e r l y  l aunch  azimuth 
known t o  have been f lown t o  date (unmanned Thor /De l t a )  i s  43.5' 
which y i e l d s  an o r b i t a l  i n c l i n a t i o n  o f  50.6".  S t e e p e r  i n c l i n a t i o n s  
can be  a c h i e v e d  w i t h  minimum j e o p a r d y  t o  t h e  E a s t  Coast w i t h  a dog- 
l e g  t r a j e c t o r y .  A l aunch  azimuth i s  used  t h a t  c a r r i e s  t h e  I I P  
w e l l  ou t  i n t o  t h e  ocean.  Then t h e  t h r u s t  a c c e l e r a t i o n  i s  de- 
f l e c t e d  t o  t h e  l e f t  by a yaw r o t a t i o n ,  t u r n i n g  t h e  v e l o c i t y  v e c t o r  
and I I P  a l s o  t o  t h e  l e f t .  

S i m u l a t i o n s  w i t h  f i r s t - s t a g e  yawing o r  a q u i c k  yaw t u r n  
a t  t h e  beg inn ing  of t h e  second-stage burn  s t i l l  produced I I P  p a t h s  
o v e r  p o p u l a t e d  p o r t i o n s  o f  t h e  East Coast ( e . g . ,  N e w  York!).  
B e t t e r  r e s u l t s  were o b t a i n e d  w i t h  a s low and c o n s t a n t  yaw r a t e  
t h r o u g h o u t  t h e  second s t a g e  burn ;  T y p i c a l  i n s t a n t a n e o u s  impact  
p o i n t  p l o t s  a re  shown i n  F igu re  2 f o r  two c a s e s  of i n t e r e s t :  -50° 
and -63.5' i n c l i n a t i o n s ,  f o r  a 28-day CM/SM f l i g h t  u s i n g  SPS 
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s u b o r b i t a l  i g n i t i o n .  The f i g u r e  shows n o m i n a l - t r a j e c t o r y  I I P ' s .  
A d e t a i l e d  d i s p e r s i o n  a n a l y s i s  would produce a narrow band of  
p o s s i b l e  I I P ' s  on e i t h e r  s i d e  of  t h e  nominal  I I P  t r a c e .  I n  LM/ 
ATM f l i g h t s  and two-s tage- to-orb i t  CM/SM f l i g h t s  t h e  S-IVB goes  
i n t o  o r b i t  and does n o t  impact d u r i n g  t h e  l aunch  phase .  

It can be s e e n  tha t  t h e  I I P  f o r  m i s s i o n s  n e a r  50" does  
n o t  c r o s s  l a n d  u n t i l  l a t e  i n  t h e  s u b o r b i t a l  powered f l i g h t .  T h i s  
case was s t u d i e d  r a t h e r  e x t e n s i v e l y  i n  c o n j u n c t i o n  w i t h  t h e  former  
m i s s i o n  AAP-1A and c o u l d  probably  win r ange  s a f e t y  a p p r o v a l .  A s  
t h e  i n c l i n a t i o n  i s  i n c r e a s e d ,  t h e  I I P ' s  p a s s  ove r  Newfoundland 
and Nova S c o t i a .  Although t h e  I I P  p a s s e s  ove r  these  areas re la-  
t i v e l y  q u i c k l y  ( abou t  1 6  seconds o v e r  Newfoundland f o r  t h e  6 3 . 4 4 O  
c a s e  i n  F i g u r e  21,  t h i s  would p r e s e n t  a problem f o r  t h e  r ange  
s a f e t y  a p p r o v a l .  

On-Orbit Phase 

The sequence of maneuvers a f t e r  t h e  s p a c e c r a f t  r e a c h  
o r b i t  must a l l o w  f l e x i b i l i t y  i n  t h e  s e l e c t i o n  of  t h e  f i n a l  o r b i t  
p a r a m e t e r s  f o r  s o l a r  viewing o p t i m i z a t i o n ,  b u t  a l s o  c a p i t a l i z e  
as much as p o s s i b l e  on b o t h  launch  v e h i c l e  and s p a c e c r a f t  p e r -  
formance c a p a b i l i t y .  The sequence d e p i c t e d  i n  F i g u r e  3 does 
s a t i s f y  t h e s e  r equ i r emen t s  and was s e l e c t e d  f o r  c o n s i d e r a t i o n  i n  
t h i s  s t u d y .  

F i r s t  t h e  LM/ATM i s  launched  i n t o  an 81 x 150 nm o r b i t .  
Using i t s  own RCS sys tem,  t h e  LM c i r c u l a r i z e s  i t s  o r b i t  a t  150 x 
150 nm by an apogee burn  and awaits t h e  a r r i v a l  of t h e  CM/SM. 
The  CM/SM i s  l aunched  i n t o  t h e  u s u a l  8 1  x 1 2 0  nm o r b i t ,  per forms 
t h e  r e q u i s i t e  phas ing  maneuvers and rendezvous w i t h  t h e  LM/ATM 
i n  t h e  150 nm c i r c u l a r  o r b i t .  The docked s p a c e c r a f t  combinat ion 
i s  t h e n  i n s e r t e d  i n t o  t h e  o p e r a t i o n a l  e l l i p t i c a l  o r b i t  w i t h  p e r i -  
gee a t  150 nm by burn ing  t h e  SM SPS e n g i n e .  A f t e r  t h e  ATM obser -  
v a t i o n s  are  completed,  t h e  CM/SM undocks from t h e  LM/ATM and 
u s i n g  t h e  SPS a t  p e r i g e e  aga in  c i r c u l a r i z e s  t h e  o r b i t  a t  1 5 0  nrn. 
F i n a l l y  t h e  d e o r b i t  maneuver i s  made w i t h  t h e  SPS eng ine .  I n  
c a s e  of  f a i l u r e  of t h e  SPS, s u f f i c i e n t  RCS p r o p e l l a n t  would be  
c a r r i e d  f o r  a backup d e o r b i t  burn  a t  apogee.  

The e l l i p t i c a l  i n s e r t i o n  a l lows  a g r e a t e r  LM/ATM 
weight t o  be o r b i t e d  t h a n  w i t h  t h e  more-convent ional  c i r c u l a r  
i n s e r t i o n .  It i s  f e l t  t h a t  t h e  150 nm p a r k i n g - o r b i t  a l t i t u d e  
i s  t h e  minimum which would p e r m i t  r e a s o n a b l e  rendezvous phas ing  

s i v e l y  e f f i c i e n t  way t o  p rov ide  complete  freedom i n  t h e  p o s i t i o n  
o f  apogee.  S i m i l a r l y ,  c i r c u l a r i z a t i o n  b e f o r e  t h e  f i n a l  d e o r b i t  
maneuver a l l o w s  g r e a t e r  f l e x i b i l i t y  i n  t h e  s e l e c t i o n  o f  a l a n d i n g  
s i t e .  

I u A  fnrr t h e  CM/SM. Use o f  t h e  c i r c u l a r  p a r k i n g  o r b i t  i s  a p ~ a p u l -  

C i r c u l a r  o r b i t s  a t  t h e  h i g h  i n c l i n a t i o n s  were a l s o  
i n v e s t i g a t e d .  For t h e s e  cases  t h e  SM SPS i s  used  t o  pe r fo rm a 
Hohmann t r a n s f e r  from t h e  1 5 0  nm p a r k i n g  o r b i t  t o  t h e  f i n a l  
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c i r c u l a r  o p e r a t i o n a l  o r b i t .  Both p r imary  (SPS) and backup 
(RCS) d e o r b i t  maneuvers would be made d i r e c t l y  from t h e  opera-  
t i o n a l  o r b i t .  

S i m u l a t i o n  R e s u l t s  

Using a s p e c i a l l y  mod i f i ed  v e r s i o n  of t h e  Bellcomm 
Apol lo  S i m u l a t i o n  Program d e s c r i b e d  i n  Reference  3 ,  t h e  data 
shown i n  F i g u r e s  4 and 5 were g e n e r a t e d  f o r  severa l  m i s s i o n s  
of  t h e  t y p e  d e s c r i b e d  above. Appropr i a t e  s p a c e c r a f t  weights 
f o r  t h e  m i s s i o n s  l i s t e d  below were d e r i v e d  by W:W. Hough 
(Refe rence  4 ) :  

S p a c e c r a f t  
(no  u s a b l e  p r o p e l l a n t )  

D u r a t i o n  

1 4  days  
28 days 
56 days  

CM/SM 

24760 l b s  
26070 l b s  
28234 l b s  

LM/ATM 

25694 l b s  
25834 l b s  
26114 l b s  

RCS p r o p e l l a n t  was a,-?( t o  t h e  LM as , ~ l l o w s :  400 l b s  f o r  
o r b i t  c i r c u l a r i z a t i o n  and 50 l b s  f o r  a t t i t u d e  c o n t r o l .  RCS 
p r o p e l l a n t  was added t o  t h e  SM as r e q u i r e d  f o r  o r b i t  maneuvers 
and c l u s t e r  c o n t r o l ,  rendezvous and backup d e o r b i t ;  SPS pro-  
p e l l a n t  f o r  o r b i t  i n s e r t i o n  where s u b o r b i t a l  i g n i t i o n  was used ,  
f o r  o r b i t  t r a n s f e r  maneuvers and f o r  pr imary  d e o r b i t  was a l s o  
i n c l u d e d .  S t a n d a r d  AAP weights  f o r  launch  v e h i c l e  stages,  SLA, 
nose  cone,  e t c . ,  were used .  

The s i m u l a t o r  was programmed s o  t h a t  a l l  SPS p r o p e l l a n t  
which cou ld  b e  o r b i t e d  i n  t h e  SM and n o t  needed f o r  p h a s i n g  o r  
d e o r b i t  was used t o  t r a n s f e r  t h e  CM-SM/LM-ATM t o  as high an  
ene rgy  o r b i t  as p o s s i b l e  ( e i t h e r  w i t h  per igee of  150 nm o r  
c i r c u l a r ) .  1000  l b s  of SPS p r o p e l l a n t  i n  t h e  SM were i n c l u d e d  
f o r  f l i g h t  performance r e s e r v e  (FPR)  when SPS s u b o r b i t a l  i g n i t i o n  
was used .  I n  two-s tage- to-orb i t  c a s e s ,  1500  l b s  o f  FPR pro-  
p e l l a n t  were added t o  t h e  s-IVB. F o r  a l l  c a s e s  i n  F i g u r e s  4 and 
5 ,  t h e  LM/ATM f l i g h t s  have a p o s i t i v e  pay load  weight marg in ,  t h e  
minimum b e i n g  1200 l b s  f o r  t h e  56-day LM go ing  i n t o  a 670 o r b i t .  
S i n c e  t h e  SM SPS t a n k s  are loaded  t o  t h e  “ o r b i t a b l e ’ ’  c a p a c i t y ,  
t h e  a l t e r n a t e  m i s s i o n  i s  l i m i t e d  by  t h e  p r o p u l s i v e  c a p a b i l i t y  
a v a i l a b l e  on t h e  CM/SM f l i g h t s .  T h i s  i s  c l e a r l y  s e e n  i n  F i g u r e  
4 where t h e  apogee which car! Se reached. d e c r e a s e s  as t h e  d u r a t i o r .  
( s p a c e c r a f t  w e i g h t )  i n c r e a s e s .  

It s h o u l d  be n o t e d  t h a t  t h e  data shown i n  F i g u r e  4 f o r  
t h e  SPS s u b o r b i t a l  i g n i t i o n  a r e  n o t  i n  a l l  c a s e s  t h e  u l t i m a t e  
per formance  a c h i e v a b l e ,  a l though  c l o s e  t o  i t .  T i m e  a l l o t t e d  f o r  
t h e  s t u d y  d i d  n o t  pe rmi t  a f u l l  o p t i m i z a t i o n  w i t h  r e s p e c t  t o  t h e  
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SPS l o a d i n g  f o r  the s u b o r b i t a l  i g n i t i o n .  However, t h e  pe r -  
formance i s  r e l a t i v e l y  i n s e n s i t i v e  t o  t h i s  pa rame te r  f o r  v a l u e s  
i n  t he  r ange  o f  15,000-20,000 lbs of  c o n s u m a b l e  SPS p r o p e l l a n t  
( F i g u r e  6 ) .  
data shown i n  F i g u r e  4. A s  seen  i n  F i g u r e  6 ,  t h i s  is v i r t u a l l y  
optimum f o r  h i g h e r  yaw-rate c a s e s ,  b u t  a l i t t l e  c o n s e r v a t i v e  
f o r  t h e  low-yaw c a s e s .  

The v a l u e  o f  15,000 l b s  was used  t o  g e n e r a t e  t h e  

Two s p e c i f i c  c i r c u l a r - o r b i t  cases were a l s o  r u n  s o  
t ha t  s o l a r  v iewing  o p p o r t u n i t i e s  from these  o r b i t s  c o u l d  be 
compared w i t h  t h e  e l l i p t i c - o r b i t  c a s e s .  Again t h e  c i r c u l a r  
o r b i t s  i n d i c a t e d  on F i g u r e  4 are t h e  h i g h e s t  which cou ld  be 
r e a c h e d  by u s i n g  a l l  t h e  avai lable  SPS p r o p e l l a n t  t o  t r a n s f e r  
t h e  s p a c e c r a f t  from t h e  pa rk ing  o r b i t  t o  t h e  o p e r a t i o n a l  o r b i t ,  
s a v i n g  only  enough p r o p e l l a n t  f o r  t h e  d e o r b i t  b u r n .  

Once t h e s e  r e s u l t s  were a v a i l a b l e ,  t h e  o v e r a l l  s t u d y  
c o n c e n t r a t e d  on t h e  f o l l o w i n g  m i s s i o n s :  

D u r a t i o n  I n c l i n a t i o n  A l t i t u d e  S u b o r b i t a l  SPS I g n i t i o n  
(Days) (Degrees)  0 R e  q u i  red 

56  50 1 5 0  x 400 
2 8  50 1 5 0  x 400 
2 8  50 150 x 600 

2 8  63.5 1 5 0  x 300 
2 8  50 375 x 375 

2 8  63.5 225 x 225 

Yes 
No 

Yes 
Yes 
Yes 
Yes 

The i n t e r e s t  i n  6 3 . 5 O  o r b i t s  stems from t h e  f a c t  t h a t  
t h e  a p s i d a l  r o t a t i o n  i s  z e r o  a t  t h i s  i n c l i n a t i o n .  That  i s ,  t h e  
argument of p e r i g e e  of  such  an o r b i t  would remain f i x e d  d u r i n g  
t h e  m i s s i o n .  Thus,  i f  t h e  apogee l o c a t i o n  were s e l e c t e d  f o r  
o p t i m a l  s o l a r  v i ewing ,  i t  would remain s o  ' f i x e d  th roughou t  t h e  
m i s s  i o n .  

O p e r a t i o n a l  Cons ide ra t  i o n s  

I n  a d d i t i o n  t o  t h e  range  sa fe ty  a s p e c t s  ment ioned 
above ,  s e v e r a l  o t h e r  o p e r a t i o n a l  i s s u e s  must be c o n s i d e r e d  when 
weighing  t h e  r e l a t i v e  merits o f  these h i g h - i n c l i n a t i o n  m i s s i o n s  
compared w i t h  t h e  b a s e l i n e  low i n c l i n a t i o n s .  

F l y i n g  m i s s i o n s  a t  o r b i t a l  i n c l i n a t i o n s  o t h e r  t h a n  
n e a r  29' adds t o  t h e  rendezvous complex i ty .  T h i s  i s  r e f l e c t e d  
p r i m a r i l y  i n  the  amount of  phas ing  n e c e s s a r y  t o  b r i n g  t h e  chase  
v e h i c l e  and t a r g e t  v e h i c l e  i n t o  t h e  c o r r e c t  r e l a t i v e  p o s i t i o n  t o  
e f f e c t  t h e  rendezvous t e r m i n a l  phase .  Because o r b i t  p l a n e  changes 
i n c u r  a s u b s t a n t i a l  performance p e n a l t y ,  t h e  chase  v e h i c l e  must 
be l aunched  e s s e n t i a l l y  i n t o  the  t a r g e t  o r b i t  p l a n e .  F i g u r e  7 
shows a t y p i c a l  h i g h  i n c l i n a t i o n  rendezvous l aunch  window. There  
i s  o n l y  a ve ry  b r i e f  window each day when t h e  wedge a n g l e  (which 
i s  a measure of t h e  r e q u i r e d  p l a n e  change)  is n e a r  z e r o .  Note 
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t h a t  on ly  one such  o p p o r t u n i t y  e x i s t s  d a i l y  s i n c e  t h e  s o u t h e r l y  
l a u n c h e s  must be e l i m i n a t e d  f o r  r a n g e  s a f e t y  r e a s o n s .  With the  
i n - p l a n e  window s o  s h o r t ,  t h e r e  i s  no  f l e x i b i l i t y  avai lable  t o  
a d j u s t  t h e  launch  t ime i n  o r d e r  t o  i n s u r e  an in-phase  c o n d i t i o n  
as w e l l .  R e f e r r i n g  t o  F igu re  7 ,  we  see t h a t  i f  t h e  LM/ATM is 
l aunched  on Day 1, t h e n  on Day 2 i t  w i l l  be about  260° ahead o f  
t h e  CM/SM when t h e  in -p lane  window f o r  t h e  CM/SM launch  o c c u r s .  
(The CM/SM, b e i n g  i n  a lower  o r b i t ,  " c a t c h e s  up" w i t h  t he  t a r g e t . )  
The t i m e  r e q u i r e d  t o  complete t h e  p h a s i n g  depends on what o r b i t  
i s  u s e d  by t h e  CM/SM. For  example, i f  the  CM/SM waits i n  a 
120 nm c i r c u l a r  o r b i t ,  approximate ly  57 o r b i t s  would be r e q u i r e d  
t o  make up t h e  260° phase  ang le  i n c u r r e d  on t h e  Day-2 l aunch  o f  
t h e  CM/SM.  T h i s  s i t u a t i o n  w i l l  improve t h r o u g h  Day 4 and t h e n  
r e c y c l e  on t h e  f o l l o w i n g  day t o  a v e r y  l a r g e  phase  a n g l e .  Be- 
cause  of  t h i s  p h a s i n g  problem, t he  LM/ATM must be c a p a b l e  of 
l o i t e r i n g  on o r b i t  f o r  s e v e r a l  days u n t i l  t h e  CM/SM can b e  
launched  and rendezvoused .  

F i n a l l y ,  t h e  h i g h - i n c l i n a t i o n  m i s s i o n  p o s e s  a number 
of problems f o r  t h e  l a n d i n g  and r e c o v e r y .  A l aunch  a b o r t  o r  
a b o r t  from o r b i t  could  r e s u l t  i n  a h i g h - l a t i t u d e  l a n d i n g  where 
weather c o n d i t i o n s  and water t e m p e r a t u r e s  have a h i g h e r  pro-  
b a b i l i t y  of b e i n g  beyond c u r r e n t l y  a c c e p t a b l e  o p e r a t i o n a l  l i m i t s .  

It must be recognized  t h a t  t h e  r e s t r i c t i o n  of  backup 
d e o r b i t  t o  occur  a t  e l l i p t i c a l  o r b i t  apogee commits t h e  l a n d i n g  
a f t e r  such  a maneuver t o  t h e  v i c i n i t y  of  p e r i g e e .  I f ,  f o r  s o l a r  
v iewing  o p t i m i z a t i o n ,  t h e  l i n e  o f  a p s i d e s  of t h e  o p e r a t i o n a l  
o r b i t  i s  a l i g n e d  g e n e r a l l y  i n  t h e  no r th - sou th  d i r e c t i o n ,  t h e  
backup d e o r b i t  l a n d i n g  would t h e n  occur  n e a r  one o f  t h e  l a t i t u d e  
ex t r emes  of  t h e  o r b i t .  C o n s i d e r a t i o n  has been g i v e n  t o  t h e  
p o s s i b i l i t y  of  backup d e o r b i t  f rom p o s i t i o n s  o t h e r  t h a n  apogee 
i n  o r d e r  t o  move t h e  l a n d i n g  p o i n t  away from t h e  p e r i g e e  o f  the  
o p e r a t i o n a l  o r b i t .  The p e n a l t y  a s s o c i a t e d  w i t h  t h i s  scheme can 
be  i n f e r r e d  by c o n s i d e r i n g  t h e  c o s t  of s h i f t i n g  t h e  p e r i g e e  o f  
t h e  t r a n s f e r  e l l i p s e  achieved  a f t e r  t h e  d e o r b i t  bu rn .  F i g u r e  8 
shows t h e  Av r e q u i r e d  t o  s h i f t  t h e  t r a n s f e r  o r b i t  perigee a 
g i v e n  amount b y  making t h e  d e o r b i t  burn  at  t h e  p o s i t i o n  i n  t he  
o p e r a t i o n a l  o r b i t  op t imized  f o r  minimum Av. It i s  s e e n  t h a t  
moving t h i s  p e r i g e e  any s i g n i f i c a n t  amount i s  r e l a t i v e l y  expen- 
s i v e  compared w i t h  t h e  d e o r b i t  a t  apogee.  I n  a d d i t i o n ,  because  
of  t h e  s p h e r i c a l  geometry of ear th  o r b i t s ,  t h e  l a t i t u d e  o f  the  
l a n d i n g  s i t e  i s  reduced  only a f r a c t i o n  of  t h e  a n g u l a r  s h i f t  of 
t r a n s f e r - o r b i t  per igee.  The a c t u a l  amount of  t h i s  l a t i t u d e  
s h i f t  depends on the  d i r e c t i o n  o f  t h e  l i n e  of a p s i d e s  o f  t h e  
o p e r a t i o n a l  o r b i t  and t h e  o r b i t  i n c l i n a t i o n .  

Conclus ion  

It appears t h a t ,  from t h e  p o i n t  o f  view o f  l aunch  
v e h i c l e  and s p a c e c r a f t  p r o p u l s i o n  per formance ,  h i g h  i n c l i n a t i o n  
CM-SM/LM-ATM m i s s i o n s  are f e a s i b l e  i n  e i t h e r  e l l i p t i c a l  o r  c i r -  
c u l a r  o r b i t s .  The a l t i t u d e / i n c l i n a t i o n  c a p a b i l i t y  f o r  such  
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m i s s i o n s  has been c a l c u l a t e d .  S e v e r a l  new o p e r a t i o n a l  problems 
a r i se  i n  con junc t ion  w i t h  t h e s e  h i g h - i n c l i n a t i o n  mis s ions  such  
as s i g n i f i c a n t l y  more phas ing  t i m e  r e q u i r e d  f o r  rendezvous  and 
t h e  p o t e n t i a l  of  h i g h - l a t i t u d e  l a n d i n g  and r ecove ry .  

The r e l a t i v e  merits of these o r b i t s  f o r  s o l a r  v iewing  
and ATM s c i e n t i f i c  r e t u r n ,  as w e l l  as o t h e r  o p e r a t i o n a l  a s p e c t s  
of  t h e  mis s ion ,  are d i s c u s s e d  i n  companion memoranda on the  
o v e r a l l  s t u d y .  

I .  W s c h  

K .  E .  d a r t e r s t e c k  
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FIGURE 7 - RENDEZVOUS LAUNCH WINDOW FOR 50' INCLINATION, 150 x 150 NM 
TARGET ORBIT 
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